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ABSTRACT
Protease, also known as peptidyl-peptide hydrolase, an important
industrial enzyme, is responsible for approximately 60% of all enzyme sales,
projected as 1.8 billion USD in the year 2015. Proteases are utilized
extensively in leather industry for de-hairing. Until recently, most proteases
used in enzymatic de-hairing studies were bacterial in origin. These proteases
are not stable over a wide range of temperature and pH. Fungal expression
systems are capable of producing quantities of enzymes larger than by
bacterial expression systems and are stable over a wide range of
environmental conditions (pH and temperature). This is seen as advantageous
for use in the leather processing industry. The focus of this thesis is on
alkaline protease production by Aspergillus tamarii in a Real Time Biological
Reaction Calorimeter (BioRTCal) for bio thermokinetic data generation.
Calorimetry was found well suited for the online monitoring of
bioprocesses, i.e. studying the growth process of microbial cultures or for the
detection of biological key components. Since heat is a global parameter for
all living species, analysis of their metabolic activity through employment of
calorimetry for in-line monitoring and control of bioprocesses is gaining
importance since the last decade.
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Calorimetry was employed to correlate enzymatic activity with heat
flow profile as it was an inherent parameter of metabolism. This study
revealed that both growth and non-growth related reactions involved in this
cell culture metabolism could be monitored efficiently by calorimeter and the
heat yield values used for better design of fermentor and scale up. So far, no
report on biocalorimetric studies on the production of an alkaline protease
from Aspergillus tamarii is available. Attempts were made now to enhance
the yield of alkaline protease by optimizing process conditions like
temperature, pH, inoculum size, stirrer speed and aeration. It was aimed to
observe the correlation of oxygen uptake rate to enzyme activity, biomass
growth and heat production rate at lag, exponential and stationary growth
phases and compare the metabolic heat profile with fungal growth and
substrate depletion. This should provide an insight to real-time metabolic
process and behavior of the fungal strain employed for the production of
alkaline protease.
Optimization studies for growth and enhanced production of
alkaline protease by Aspergillus tamarii were carried out in a batch stirred
tank bioreactor. The four bioprocess variables (pH, temperature, inoculum
size and agitation) were critically examined using the thee-level four factor
CCD. Using Minitab (v15), regression equations were developed for enzyme
production using experimental data and solved. It was observed that model
predicted was in good agreement with experimental observations (R2 = 0.969)
vand protease production was significantly influenced by the listed bioprocess
parameters.
Fungal growth in pellet form was monitored calorimetrically and
reliable information on the growth dynamics of the organism achieved. The
heat yields estimated due to oxygen uptake and biomass growth, helped to
understand the energetics of the organism under study. Comparison of heat
release pattern to morphology revealed that under lag and exponential phase,
the growth process involved, germination, small pellet formation followed by
fully mature dense hairy pellets. For microbial cultures exact determination of
heat of combustion could be found experimentally in a bomb calorimeter.
Using Hess’s law the relationship between the online metabolic heat variable
and the offline bioprocess variables, i.e. biomass generation, substrate
consumption were explored and validated.
Bioenergetics of Aspergillus tamarii during protease production
using agricultural by-products was attempted in a Real Time Bio-reaction
Calorimeter. Catabolite repression was predominant in enzyme production by
A. tamarii at glucose concentration of 10 g/L; the enzyme activity was
reduced to 45-50 % in comparison to that of the glucose concentration at
5 g/L, indicating that an optimal concentration of the carbon source was vital
for maximum enzyme production. Production of alkaline protease by
A. tamarii was accomplished using agricultural by-products such as cotton
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seed meal and skimmed milk within a lower incubation period compared with
what was reportedly obtained with wheat bran and soya flour. Macro-
morphology and broth rheology studies coupled with BioRTCal studies
revealed that pellet formation resulted in low broth viscosity and high enzyme
production. Also towards the end of fermentation, the fungal pellets existed as
small, and meagerly branched with free hypal elements. A maximum enzyme
activity of 1511 U/mL was achieved at optimized conditions in cotton seed
meal supplemented with glucose as carbon source for growth.
 Alternative methods of oxygen supply are important, especially in
viscous fermentations and shear-sensitive fermentations. Liquid phase (need-
based) oxygen supply through H2O2 for alkaline protease production in
BioRTCal by A. tamarii fungal cells was successfully attempted. This
methodology helped to eliminate the gas–liquid transport resistance. In
BioRTcal studies, the optimal H2O2 concentration was 0.5 mM, and was
added in pulses to maintain the required DO level. Higher protease yield was
obtained in H2O2 based cultivation in comparison with conventional aeration
method.
